Background: Chenopodium foliosum Asch. also known in Bulgarian folk medicine as "garliche" or "svinski yagodi" (swine's berries) has been used as a decoct of aerial parts for treatment of cancer, as antioxidant and immunostimulant. This study was undertaken to investigate its phytochemical, physicochemical and radicalscavenging activities of the aerial parts of the plant. Materials and Methods: Physico-chemical parameters: moisture content, foaming index, total ash, dichloromethane, alcohol and water soluble extractive, pleliminary phytochemical screening and TLC finger print profile were determined. Three new flavonol glycosides, 3-O-ß-gentiobiosides of 6-methoxykaempferol and gomphrenol and a new gomphrenol trioside as well as the known 3-O-ß-gentiobiosides of patuletin and spinacetin, previously isolated from the aerial parts of Chenopodium foliosum Asch., were analyzed for radical-scavenging activity using DPPH-, ABTS-free radicals. Results: The results of physico-chemical parameters showed moisture content-6.05%, foaming index-250, total ash-12.19% and dichloromethane, alcohol and water soluble extractive respectively 2.52%, 13.20% and 12.01%. Preliminary phytochemical screening of the aerial parts of C. foliosum reveals the presence of carbohydrates, flavonoids, phytosterols, saponins and alkaloids/ amines. Patuletine-3-O-gentiobioside showed the highest DPPH (95.03 ± 0.09) and ABTS (87.20 ± 0.13) activity, compared to Vit C. 6-Methoxykaempferol-3-O-gentiobioside showed significant ABTS (81.09 ± 0.06) activity, but DPPH activity was lacking. The other flavonoids showed low DPPH activity, but moderate ABTS activity compared with BHT. Conclusion: The results of this study could be useful for correct identification of the plant and further standardization. In addition this study suggesting that the decoction prepared from C. foliosum could be a potential source of nutraceuticals with radical-scavenging activity.
INTRODUCTION
The genus Chenopodium L. comprises about 150 species, most of these are cosmopolites and are distributed mainly in subtropical and temperate regions [1] . Chenopodium is represented by 17 or 18 species in the Bulgarian flora, mostly ruderal plants and widely distributed in the country [2] . Many species of this genus have been used traditionally in indigenous systems of medicine for treatment of numerous ailments. The phytochemical investigations of genus Chenopodium have afforded compounds with vast variety of structural patterns. From the phytochemical point of view, the chenopods were reported to contain: flavonoids, saponins, terpenes, sterols, alkaloids and vitamins while the biological properties of chenopods include antimicrobial, cytogenetic, anthelmintic, cytotoxic, immunomodulatory, hypotensive, haemagglutination, trypanocidal and spasmolytic activity [3] .
Chenopodium foliosum Asch. also known in Bulgarian folk medicine as "garliche" or "svinski yagodi" (swine's berries) is used as a decoct of aerial parts for treatment of cancer and as antioxidant. Quality control of herbs is a major problem, which effects the efficacy of the results.
The present study will be helpful to practioners, researchers and and industries to indentify properly the drug.
Three new flavonol glycosides, namely 6-methoxy kaempferol-3-O-β-gentiobioside 2, gomphrenol-3-O-β-gentiobioside 3 and gomphrenol-3-O-[6-O-(β-Dglucopyranosyl)-β-D-glucopyranoside] 4 as well as the known compounds patuletin-3-O-β-gentiobioside 1 and spinacetin-3-O-β-gentiobioside 5, that have been previously isolated from the aerial parts of C. foliosum Asch [4] . were analyzed for radical-scavenging activity using DPPH-, ABTS-free radicals.
MATERIALS AND METHODS

Chemicals and equipment
1,1-Diphenyl-2-picrylhydrasyl (DPPH), potassium persulphate were from Sigma-Aldrich USA. 2,2,-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), butylated hydroxytoluene (BHT) and ascorbic acid were purchased from Fluka, Germany. All other chemicals, including the solvents, were of anaytical grade. Moisture content was measured on a Sartorius Moisture Analyzers MA30. Total ash was determined on Muffle furnace Apro Term 1. Shimatdzu UV-1203 UV-Vis spectrophotometer (Shimatdzu, Japan) was used to measure the absorbance.
Plant material
The aerial parts of Chenopodium foliosum Asch. were collected from Beglika, Western Rhodopes, Bulgaria from June to September 2007, at an altitude of 1600 m. The plant was identified and a voucher specimen (No. SOMCo-1207) was deposited at the National Herbarium, Institute of Biodiversity and Ecosystems Research, Bulgarian Academy of Sciences, Sofia, Bulgaria.
Physico-chemical analysis
Moisture
Five grams of the aerial parts of C. foliosum were placed in a tared evaporating dish of the Sartorius Moisture Analyzers MA30 and was dried at 105 °C to a constant weight.
Foaming index
One gram of the aerial parts of C. foliosum accurately weight was boiling with 100 ml water for 30 min. After that it was cooled, filtered into a 100 ml volumetric flash and the sufficient water was added through the filter to dilute to volume. The decoction was poured into 10 stoppered test tubes (height 16 cm, diameter 16 mm) in successive portions of 1 ml, 2 ml, 3 ml etc. up to 10 ml and adjust the volume of the liquid in each tube with water to 10 ml. The tube were shaken for 15 seconds after 15 minutes the height of the foam was measured [5] .
Determination of total ash
Two gram of the leaves and stem powder of C. foliosum, was taken in a tared silica crucible and incinerated by gradually increasing the heat to 500-600 °C until it is white, indicating the absence of carbon. The resultant ash was cooled and weighed. The percentage of the ash was calculated with in a reference to the air-dried drug [5] .
Determination of alcohol soluble and dichloromethane soluble extractive
The powdered material was extracted with dichloromethane and methanol in a continuous extraction using a Soxhlet apparatus. The solvent was removed under reduced pressure. The extracts were concentrated under vacuum and yield a residue (% w/w), which was stored in a desicator at room temperature.
Determination of water soluble extractive
The powdered material was extracted with water in a continuous extraction using a warm maceration. The solvent was removed under reduced pressure. The extracts were concentrated under vacuum and yield a residue (% w/w), which was stored in a desicator at room temperature.
Preliminary phytochemical screening
The dried powder of the aerial parts of C. foliosum was used for preliminary phytochemical tests such as, Fehling´s test for carbohydrates; Liebermann-Burchard´s reactions for steroids; Borntrager´s test for anthaquinone glycosides; Foam test for saponine glycosides; Shinoda test for flavonoid glycosides; Tests with silicovolframic acid for alkaloids; sodium acetate/ferric ammonium sulfate test for tannins.
TLC finger print profile
Thin layer chromatography of the dichloromethane, alcohol and water extracts was studied and their Rf values were determined. All samples were performed on precoated silica gel 60 and silica gel 60 F 254 aluminum plates. The mobile phase were EtOAc:AcOH:HCOOH:H 2 O (25:3:3:7) and EtOAc:Hexane (6:4). The visualisation was performed by spraying with Natural Product Reagent A and anisaldehyde/sulfuric acid.
The plates were observed under day light and UV 366 nm and the Rf values of the spots were determined.
Determination of radical-scavenging activity
DPPH radical-scavenging assay
Scavenging activity of flavonoids against DPPH radical was assessed according to the method of Blois with some modifications [6] . Briefly, 2 ml of each compound in MeOH (0.1 mM) was mixed with 2 ml of DPPH methanol solution (0.1 mM). The reaction mixture was vortexed thoroughly and left in the dark at room temperature for 30 min. The absorbance of the mixture was measured at 517 nm. Ascorbic acid and BHT were used as references. The ability to scavenge DPPH radical was calculated by the following equation:
Abs control -Abs sample DPPH radical scavenging activity % =  100 Abs control where Abs control is the absorbance of DPPH radical in methanol; Abs sample is the absorbance of DPPH radical solution mixed with sample/standard. All determinations were performed in triplicate (n=3).
ABTS radical-scavenging assay
For ABTS assay, the procedure followed the method of Zheleva-Dimitrova et al [7] with some modifications. The stock solutions included 7 mM ABTS solution and 2.4 mM potassium persulfate solution. The working solution was then prepared by mixing the two stock solutions in equal quantities and allowing them to react for 12-14 h at room temperature in the dark. The solution was then diluted by mixing 1 ml ABTS solution with 60 ml methanol. Fresh ABTS solution was prepared for each assay. 0.4 ml of each compound in MeOH (0.1 mM) was allowed to react with 2 mL of the ABTS solution and the absorbance was taken at 734 nm after 7 min using a spectrophotometer. The ABTS scavenging capacity of the extract was compared with that of BHT and ascorbic acid and percentage inhibition calculated as:
Abs control -Abs sample ABTS radical scavenging activity % =  100 Abs control where Abs control is the absorbance of ABTS radical in methanol; Abs sample is the absorbance of ABTS radical solution mixed with sample/standard. All determinations were performed in triplicate (n=3).
STATISTICS
Data were expressed as mean ± standard deviation (SD). Mann-Whitney rank-sum test was used to analyse the absorption of the samples of DPPH and ABTS tests. All samples were measured in triplicate (n=3). When p> 0.05 there is no statistically significant differences between the absorbtions of each sample that can compromise the final results.
RESULTS AND DISCUSSION
Physico-chemical analysis
The moisture content of the aerial parts of C. foliosum was 6.05%. The moisture content of a drug should be minimised in order to prevent decomposition or microbial contamination of a drug and also be controlled to make the drug of definite strength.
The ash of any organic material is composed of their nonvalatile inorganic components. The controlled incineration of the crude drugs result in ash residue consisting of an inorganic material (metallic salts and silica). This parameters are used for determination of inorganic materials such as carbonates, silicates, oxalates and phosphates. Therefore, it is a criterion to judge the identity and purity of crude drugs.
The extractive value of the crude drug also determines the quality and purity of the drug material. The dichloromethane, alcohol and water soluble extractive value of the aerial parts of C. foliosum are 2,52%, 13.20% and 12.01% respectively ( Table 1) . The colour and consistency of the extracts from the aerial parts were also determined ( Table 2) .
Pleliminary phytochemical screening of the aerial parts of C. foliosum reveals the presence of carbohydrates, flavonoids, phytosterols, saponins and alkaloids/amins (Table 3) . Ascaridole and other terpenoids were previously detected in the essential oil of C. foliosum by GC-MS analysis [8] while flavonol glycosides of patuletin, spinacetin, 6-methoxykaempferol and gomphrenol have been isolated from the methanol extract of the aerial parts [4] .
TLC fingerprint profile of the dichloromethane, alcohol and water extracts of the aerial parts of C. foliosum were given in (Table 4) . The structures of the compounds were previously determined by means of spectroscopic methods (1D and 2D NMR, UV, IR, and HRMS) and DPPH free radical scavenging activity of the new compounds 2, 3 and 4 at 100 µM were previously reported. Compounds 2 and 4 were not active while compound 3 showed weak DPPH free radical scavenging activity (18.0%) compared to vitamin C (97.4%) and BHT (48.8%) at the same concentration [3] .
In these study radical-scavenging activity of the isolated compounds 1 and 5 at 100 µM were examined using 1,1 diphenyl-2-picrylhydrazyl (DPPH). 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS) were used for measuring the radical-scavenging and antioxidant activity for all isolated compounds 1-5 at 100 µM.
The radical-scavenging activities of compounds (0.1mM) were compared with those of BHT and ascorbinic acid at the same concentrations and were expressed as percentage of inhibition of against DPPH and ABTS, respectively (Table 5 ).
Antioxidant activity of flavonoids depends on the structure and substitution pattern of hydroxyl groups and the effective radical-scavenging activity have flavonoids with 3',4'-orthodihydroxy configuration in B ring and 4-carbonyl group in ring C. The presence of 3-OH group or 3-and 5-OH groups and C2-C3 double bond configured with a 4-keto arrangement also contribute to antioxidant activity [9] . Rice-Evans et al. also reported that glycosylation of flavonoids reduces their antioxidant activities when it is compared to the corresponding aglycones [10] .
Patuletin-3-O-β-gentiobioside 1 showed the highest DPPH activity (95.03 % ± 0.09) and its activity is similar to that of ascorbic acid (97.42 %± 0.07) but higher than the radical-scavenging activity of BHT (48.80 % ± 0.07). In its moiety compound 1 has 3',4'-orthodihydroxy configuration in B ring and 4-carbonyl group in ring C which determines its radical-scavenging activity. The other flavonoids demonstrate significantly low DPPH activity-3 (18.02 % ± 0.06), 4 (2.31 % ± 0.03), 5 (3.94 % ± 0.05) and may be it is due to the absence of orthodihydroxy configuration. In these compounds 3'-ОН is missing or is replaced with -ОСН 3 group. Gomphrenol glycosides, compouds 3 and 4 have 6, 7-methylenedioxy substitute, which reduced the number of -OH groups and decreased the antioxidant activity.
The highest ABTS radical-scavenging activity of isolated flavonoids possessed compounds 1 (87.20 % ± 0.13) and 2 (81.09 % ± 0.06). Activity of these compounds were similar to those of classic antioxidant ascorbic acid (91.60 % ± 0.09). With moderate ABTS radical-scavenging activity and comparable with the activity of BHT (26.49 % ± 0.09) were gomphrenol glycosides 3 (29.22 % ± 0.1) and 4 (28.30 % ± 0.1) and spinacetinegentiobioside compound 5 (32.33 % ± 0.06). With the lowest ABTS radical-scavenging activity were gomphrenol glycosides, compounds 3 and 4 and possibly it is due to the presence of 6,7-methylenedioxy substitute. The results show that diglycoside of gomphrenol 3 (29.22 % ± 0.1) has higher ABTS radical-scavenging activity than triglycoside 4 (28.30 % ± 0.1). The lower activity of gomphrenol triglycoside is probably due to the presence of another sugar.
CONCLUSION
The results of these study could be useful for correct identification of the plant and further standartization. With the highest radical-scavenging activity and perspective for further ivestigations of antioxidant activities were patuletin-3-O-β-gentiobioside 1 and 6-methoxykaempferol-3-O-β-gentiobioside 2. Activity of these compounds were similar to those of classic antioxidant ascorbic acid. These results suggested that the decoction prepared from C. foliosum can be a potential source of flavonoids with a radical-scavenging activity. 
